
ABSTRACT
The enactment of FMVSS 126 requires specific safety
performance in vehicles 4,536 Kg (10,000 pounds) or less
using an Electronic Stability Control (ESC) system as
standard equipment by 2011. Further, in 2012, the regulation
requires vehicles that have undergone aftermarket
modification to remain in compliance with the performance
standard. This paper describes: • a brief overview of the
standard and its implications • the collaborative approach
used in the first successful approach in meeting that
requirement by a lift kit manufacturer o a Hardware In the
Loop (HIL) test alternative for establishing a reasonable
expectation for a vehicle to demonstrate compliance after
modification. • Collaborative challenges overcome: o
aftermarket manufacturers seeking information sharing with
OEMs and Tier One suppliers: o respecting the intellectual
property of OEMs and Tier One suppliers o maintaining the
integrity between tool competitors and their customers in
cross-collaborative efforts

Introduction
The historic relationship between Original Equipment
Manufacturers (OEMs) and the Aftermarket has been
tenuous. On one hand, there have been widely recognized
mutually beneficial relationships (Roush/Ford, AMG/
Mercedes, Callaway/Chevrolet, etc) but conversely, OEMs
often see the Aftermarket companies as adulterers of their
pristine creations. Clearly, the Aftermarket does not exist
without OEMs. Yet just as definitively, OEMs have often
benefited from their products being deemed readily
accessible for modification.

Increasing product complexity and integration of vehicle
systems has magnified this dichotomy. The expanding scope
of government regulations has provided another impetus for
examining and improving existing business interactions. One
example is the US National Highway and Transportation
Safety Agency (NHTSA) Regulation FMVSS 126 that
provides definitive performance requirements for Electronic
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Stability Control (ESC) systems while mandating their
presence on all vehicle with a mass less than 4,536 kg
(10,000 lbs). It specifically mentions aftermarket-modified
vehicles, granting an extension in time before requiring
conformance to the standard, “… for vehicles built in two or
more stages and altered vehicles (70 FR 7464) excluded from
the requirements for phase in are permitted an additional one
year for compliance (i.e., until Sept. 1, 2012).”[1]

Yet ESC and the challenges presented by FMVSS 126 offer
excellent opportunities for new and innovative interactions
between OEMs and the Aftermarket. But as David Cole,
President of CAR has said, “Collaboration in many ways is
an unnatural act. It's not easy to work together as a team.
What we are looking at is reinvention of the business model
and changing how you think about the way we do things.
Clearly, there are reasons why the OEM and Aftermarket
need to come together and collaborate more effectively”.

One set of reasons can be seen in the Light Duty Truck
market. This segment accounts for nearly 35% of annual
vehicle sales in North America. In 2008, that amounted to
$4.7 billion to manufacturers and $13 billion in retail
transactions. Aftermarket accessories represented a large
portion of that total. Wheels, tires, and suspension upgrades
alone accounted for $1.3 billion in manufacturer sales and an
estimated $3.6 billion in retail sales. New vehicle purchasers
spent an average of $1,831 on accessories. Remarkably, 78%
of all accessories are purchased within one month of
purchasing the vehicle. [2]

These purchases are made through the new vehicle dealer, an
aftermarket retail store, a mail order catalog, or the internet.
Notably, a majority of light duty truck owners indicated they
prefer to purchase accessories from their new vehicle dealer.
The reasons included price, availability, quality, reliability,
durability, and installation. Even more notable, a full 12%
indicated that vehicles that were accessorized were their sole
reason for visiting the dealership. An additional 23% said
they were partially influenced by the availability of
accessorized vehicles. The business motivations for
collaboration are evident. [2]

However, for aftermarket companies to truly partner with
OEMs, they must demonstrate their commitment to the
standards that each OEM has established for its brands. The
qualities that distinguish each brand encompass a wide range
of characteristics, but one aspect that is common to all brands
these days is safety. One way that an aftermarket supplier can
demonstrate its capabilities to provide a safe modified vehicle
is to demonstrate the altered vehicle's compliance with
federal safety regulations. One possible way for a tire, wheel,
or suspension aftermarket company to accomplish this is to
provide data that supports the reasonable expectation for the
modified vehicle to meet the performance requirements of
FMVSS 126.

In order to effectively explore the possibilities, one must first
understand the requirements of FMVSS 126 and how the
manufacturers seek to establish a reasonable expectation of
all the variations of their production run being in compliance.

FMVSS 126
The primary motivating factor behind FMVSS 126 is that it
saves lives. Several studies have shown tremendous
reductions in fatalities and serious accidents in vehicles
equipped with ESC. For example, a 2004 report issued by the
Insurance Institute of Highway Safety (IIHS) stated: “Based
on all police-reported crashes in 7 states over 2 years, ESC
reduced single-vehicle crash involvement risk by
approximately 41 percent and single-vehicle injury crash
involvement by 41 percent… Based on all fatal crashes in the
United States over 3 years, ESC was found to have reduced
single-vehicle fatal crash involvement risk by 56 percent”.
[3]

FMVSS 126 defines both the equipment required and a set of
performance measures that must be met by the affected
vehicles. It mandates that ESC must have the ability to
independently modulate the brakes as well as reduce the
delivered engine torque. [4] The performance attributes are
aimed at yaw stability, demonstrating directional control
while precluding rollover. [5] Sayers and Mather of
Mechanical Simulation have developed a concise description
of the testing procedure:

“After completion of a number of control checking and
conditioning tests for the brakes and tires, FMVSS 126
requires three sets of tests. First is a “Slowly Increasing Steer
Test” (S7.6). (S7.6 refers to the section in the standard.)
Three tests are performed in which the vehicle is traveling at
80 km/h and the steering angle is ramped at 13.5 deg/s until a
lateral acceleration of 0.5 g is reached; three similar tests are
also done in the opposite direction (−13.5 deg/s to −0.5g).
Data from the six tests are processed to determine the average
steering wheel angle associated with a lateral acceleration of
the vehicle mass center of 0.3 g. That steering wheel angle is
designated A and is used to define and evaluate tests that
follow.

Next, two series of “Sine with Dwell” tests are conducted
with “a steering pattern of a sine wave at 0.7 Hz frequency
with a 500 ms delay beginning at the second peak amplitude”
(S7.9, see Figure 1 and Figure 2, copied from p. 17315 [1]).
The sine amplitude d is (Gain × A), where the initial Gain is
1.5 (S7.9.3), and is increased for each test by an increment of
0.5 (S7.9.4) until the final run. The final run in a series is
reached when the amplitude d is greater than 270°. If the
amplitude d is greater than 300°, then the amplitude for the
final run is reduced to 300° (S6.9.4).
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The success or failure of each test in the series is based on the
vehicle state at up to three times during the run (see Figure
3). A peak yaw rate is obtained by starting to scan the vehicle
yaw rate when the steering wheel angle changes sign (0.71
sec after the Sine with Dwell starts).

1.  At T = 1.07 sec (after the start of the Sine with Dwell), if
the Gain is 5.0 or greater, then the lateral displacement of the
vehicle mass center must be 1.83 m (6 ft) or greater relative
to the start of the test for vehicles with GVW of 3,500 kg or
less (S.5.2.3). If the displacement is less, then the vehicle
fails the test. For vehicles with GVW greater than 3,500 kg,
the required lateral displacement is 1.52 m (5 ft).

Figure 1. Steering wheel position and yaw rate are used to assess lateral stability.

Figure 2. Sine with Dwell steering profile (p. 17315 from Federal Register).
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2.  The instant yaw rate at T = 2.93 (1.0 sec after the steering
stops) must be 35% of the peak rate or less (S5.2.1, see Fig.
1). If the instant yaw rate is higher than 35% of the peak yaw
rate, then the vehicle fails the test.
3.  The instant yaw rate at T = 3.68 (1.75 sec after the
steering stops) must be 20% of the peak rate or less (S5.2.2,
see Fig. 1). If the instant yaw rate is higher than 20% of the
peak yaw rate, then the vehicle fails the test.
If the vehicle is tested to the final run in each direction and
does not fail, then the vehicle passes the test.” [5]

Clearly, this is an involved procedure that requires dedicated
equipment and special test facilities.

Physical Testing
Despite the complexities inherent in this test regimen, OEMs
routinely run samples of their vehicles through this process.
The associated costs and limited applicability, however,
present additional challenges to Aftermarket Manufacturers.
Despite these hurdles, one Aftermarket Manufacturer,
ProComp, successfully demonstrated the compliance of one
of their vehicles with FMVSS 126 at an independent test
facility. The tested vehicle was a 2008 Chevrolet Silverado
Z71 equipped with a ProComp 6″ Lift Kit. A comparison of
production and modified vehicles is pictured below in Figure
4. The lifted truck is shown next to a stock 2008 Chevrolet

Figure 3. Flow chart for the Simulated Sine with Dwell test series
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